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Session 03 – Topics

• Learn about Python's dictionary data structure and how to 
read data files in CSV and JSON formats

• Analyze chemical trends and anomalies across the Periodic 
Table of Elements

• Implement the linear regression formulas to find the line of 
best fit using the method of least squares created by Gauss

• Identify an unknown element using the Ideal gas law

• Determine the height and velocity of cosmic ray showers 
using Newtonian Kinematics

• Simulate the trajectory of a circus cannon performer to 
determine a safe initial launch velocity
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Run python_dictionaries.ipynb – Cells 1...2
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Run python_dictionaries.ipynb – Cells 3...4
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Run python_dictionaries.ipynb – Cells 5...6
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Run python_dictionaries.ipynb – Cell 7
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Liquid Range

• Your scientist has asked you to plot the melting and boiling 
point of each element across the periodic chart

• She is interested in visualizing any trends and discontinuities 
in elements having the same valence shell structure

• Therefore, she wants you to plot the elements first by 
group, then by period, then by atomic number order

• She has asked you to include elements from both the 
Lanthanoid and Actinoid series

• Is there a readily available data set on the web that encodes 
the entire periodic chart? 
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The Periodic Table (circa 2021)
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The Periodic Table (circa 2021)

All elements in a group have the same 
number of valence electrons. As a result, 
elements in the same group often display 
similar properties and reactivity.

All elements in a period have the same 
number of electron shells. Each next 
element in a period has one more proton 
and is less metallic than its predecessor.



Python Dictionaries and JSON Data Files
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https://www.json.org

JavaScript Object Notation (JSON) "Key-Value Pairs"

https://www.json.org/


Python Dictionaries and JSON Data Files
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https://www.json.org

JavaScript Object Notation (JSON) "Key-Value Pairs"

https://realpython.com/python-json

https://www.json.org/
https://realpython.com/python-json
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The Periodic Table as JSON
https://github.com/Bowserinator/Periodic-Table-JSON

https://github.com/Bowserinator/Periodic-Table-JSON
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periodic_table.json

JSON is like a
Python dictionary with 

keys and values

A value can itself be a 
"nested" dictionary



Run plot_liquid_range.ipynb – Cells 1...2

14



View plot_liquid_range.ipynb – Cell 2
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View plot_liquid_range.ipynb – Cell 2
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View plot_liquid_range.ipynb – Cell 2
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View plot_liquid_range.ipynb – Cell 2
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Run plot_liquid_range.ipynb – Cell 3
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Extending Python via the pandas Package
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https://pandas.pydata.org 

https://pandas.pydata.org/


Extending Python via the pandas Package
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Pandas is 100% Open Source and Free of Cost



Run plot_liquid_range.ipynb – Cell 4
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Run plot_liquid_range.ipynb – Cell 5
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Run plot_liquid_range.ipynb – Cells 6...7
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Run plot_liquid_range.ipynb – Cell 8
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Neptunium has the 
largest liquid range 

of any element

Neon has the 
smallest liquid range 

of any element
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Hassium-108 is currently the 
heaviest element for which we 
can measure some chemistry

Carbon doesn't have a 
melting point – it sublimes

Its boiling point is 
estimated to be 8,700°F!
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Tungsten is too brittle 
for airplane wings

Rhenium is very rare

Rutherfordium 
has a half-life of 

48 minutes

Tantalum is a
conflict resource

Osmium is ultra rare

Hafnium spontaneously 
combusts when exposed to air

Zirconium reacts with 
water at high temperatures 

At Mach 3 airplane skin
temperatures reach 900 °C

Titanium has excellent
ductility and strength!
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Beryllium is 50% 
stronger than steel

Liquid-fuel rockets use 
nozzles of pure beryllium

Europium is used to 
identify counterfeit Euros

Ytterbium is used 
to make flexible 

(fiber) lasers

Einsteinium 
produces 1000W 
of heat per gram



DATA.GOV
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https://catalog.data.gov

https://catalog.data.gov/


Amazon Open Data Sets
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https://registry.opendata.aws

https://registry.opendata.aws/


Kaggle

32

https://www.kaggle.com/datasets

https://www.kaggle.com/datasets
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Identify an Unknown Element

𝑉𝑉 =
𝑛𝑛𝑛𝑛
𝑃𝑃

𝑇𝑇
𝑃𝑃𝑉𝑉 = 𝑛𝑛𝑛𝑛𝑇𝑇

𝑉𝑉 = 𝑚𝑚 𝑇𝑇

constant

constant

constant

constant

pascals (Pa)

meters3

kelvin (K)

SI Units



Method of Least Squares
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Carl Friedrich 
Gauss

(1777-1855)



Run identify_element.ipynb – Cells 1...2
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Run identify_element.ipynb – Cell 3
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Run identify_element.ipynb – Cell 4
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Run identify_element.ipynb – Cell 5
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Slope of line 
of best fit 𝑚𝑚 =

Δ𝑦𝑦
Δ𝑥𝑥

=
𝑉𝑉
𝑇𝑇



Run identify_element.ipynb – Cell 6…7
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𝑃𝑃𝑉𝑉 = 𝑛𝑛𝑛𝑛𝑇𝑇 𝑛𝑛 =
𝑃𝑃
𝑛𝑛

𝑉𝑉
𝑇𝑇 =

𝑃𝑃
𝑛𝑛 𝑚𝑚

Molar Mass = Atomic Mass (specific isotope) ≈ Atomic Weight (avg)



Run identify_element.ipynb – Cell 8
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Run identify_element.ipynb – Cell 9
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View identify_element.ipynb – Cell 9
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Check identify_element.ipynb – Cell 9

• Argon is the third-most abundant 
gas in Earth's atmosphere

• It is 2x more abundant than 
water vapor

• It is 23x more abundant than 
carbon dioxide



Cosmic Rays

• Cosmic rays entering the Earth's atmosphere collide with 
gas molecules, creating secondary particles

• Your scientist has developed an instrument to capture the 
trajectory of these secondary particles as they rain down
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Cosmic Rays
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Cosmic Rays

• Cosmic rays entering the Earth's atmosphere collide with 
gas molecules, creating secondary particles

• Your scientist has developed an instrument to capture the 
trajectory of these secondary particles as they rain down

• He has given you a data file (ray.csv) of a particle's height (in 
centimeters) over the final nanoseconds before its impact

47



Cosmic Rays
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Cosmic Rays

• Cosmic rays entering the Earth's atmosphere collide with 
gas molecules, creating secondary particles

• Your scientist has developed an instrument to capture the 
trajectory of these secondary particles as they rain down

• He has given you a data file (ray.csv) of a particle's height (in 
centimeters) over the final nanoseconds before its impact

• The scientist knows the secondary particle was not accelerating and 
lived for only 0.1743 milliseconds

• He wants you to determine its velocity (relative to ) and the height 
(in ) in the stratosphere at which it was originally emitted

• How would you display the particle's path and use the line 
of best fit to determine those two unknowns?
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Run cosmic_rays.ipynb – Cells 1...2
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Run cosmic_rays.ipynb – Cell 3
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Run cosmic_rays.ipynb – Cell 4
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Run cosmic_rays.ipynb – Cell 5
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Run cosmic_rays.ipynb – Cell 6
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Run cosmic_rays.ipynb – Cell 7
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View cosmic_rays.ipynb – Cell 7
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Detector Top

Detector Bottom

𝑣𝑣 =
Δℎ
Δ𝑡𝑡

2.37m
ℎ = 𝑣𝑣𝑡𝑡 → 𝑣𝑣 =

ℎ
𝑡𝑡



Dimensional Analysis
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𝑣𝑣 =
23.8082 𝑐𝑐𝑚𝑚

𝑛𝑛𝑛𝑛 ×
109 𝑛𝑛𝑛𝑛

1 𝑛𝑛 ×
1 𝑚𝑚

100 𝑐𝑐𝑚𝑚 ×
1 𝑛𝑛

299,709, 000 𝑚𝑚 = 0.79 𝑐𝑐

ℎ = 238,082,000
𝑚𝑚
𝑛𝑛 × 0.0001743

𝑛𝑛
1 ×

1 𝑘𝑘𝑚𝑚
1000 𝑚𝑚 = 41.50 𝑘𝑘𝑚𝑚

𝑡𝑡 = 1 ×
1 𝑛𝑛

1000 𝑚𝑚𝑛𝑛 = 0.0001743 s
Given the 
lifetime of 

the particle

ℎ = 𝑣𝑣𝑡𝑡 → 𝑣𝑣 =
ℎ
𝑡𝑡
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Projectile Motion
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Projectile Motion

61

𝑥𝑥 = 𝑣𝑣0 ∗ 𝑡𝑡 ∗ cos θ

𝑦𝑦 = 𝑣𝑣0 ∗ 𝑡𝑡 ∗ sin θ −
1
2
𝑔𝑔𝑡𝑡2

𝑡𝑡 =
𝑥𝑥

𝑣𝑣0 ∗ cos θ

𝑦𝑦 = tan θ ∗ 𝑥𝑥 −
𝑔𝑔

2 ∗ 𝑣𝑣02 ∗ 𝑐𝑐𝑐𝑐𝑛𝑛2 𝜃𝜃
∗ 𝑥𝑥2

ℎ =
𝑣𝑣02𝑛𝑛𝑠𝑠𝑛𝑛2(θ)

2𝑔𝑔

𝑛𝑛𝑅𝑅𝑛𝑛𝑔𝑔𝑅𝑅 =
4ℎ

tan(θ)

Given the Range = 30m, 
what does v0 need to be?

This is the equation of 
motion that allows us to 
plot y as x increases from 
launch point to trampoline

𝜽𝜽 = 𝝅𝝅
𝟒𝟒

 

𝑣𝑣0 = Initial velocity leaving the cannon



𝑣𝑣0 =
𝑛𝑛𝑅𝑅𝑛𝑛𝑔𝑔𝑅𝑅 ∗ 𝑔𝑔

sin 2𝜃𝜃

Projectile Motion
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𝑥𝑥 = 𝑣𝑣0 ∗ 𝑡𝑡 ∗ cos θ

𝑦𝑦 = 𝑣𝑣0 ∗ 𝑡𝑡 ∗ sin θ −
1
2
𝑔𝑔𝑡𝑡2

𝑡𝑡 =
𝑥𝑥

𝑣𝑣0 ∗ cos θ

𝑦𝑦 = tan θ ∗ 𝑥𝑥 −
𝑔𝑔

2 ∗ 𝑣𝑣02 ∗ 𝑐𝑐𝑐𝑐𝑛𝑛2 𝜃𝜃
∗ 𝑥𝑥2Given the Range = 30m, 

what does v0 need to be?

This is the equation of 
motion that allows us to 
plot y as x increases from 
launch point to trampoline

𝜽𝜽 = 𝝅𝝅
𝟒𝟒

 

𝑣𝑣0 = Initial velocity leaving the cannon



Run projectile_motion.ipynb – Cells 1...2
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Run projectile_motion.ipynb – Cell 3
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Check projectile_motion.ipynb – Cell 3
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SPLAT!

What must be the initial 
velocity of the performer to 

land safely on the trampoline?



Run projectile_motion.ipynb – Cell 4
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SAFE!



Session 03 – Topics

• Learn about Python's dictionary data structure and how to 
read data files in CSV and JSON formats

• Analyze chemical trends and anomalies across the Periodic 
Table of Elements

• Implement the linear regression formulas to find the line of 
best fit using the method of least squares created by Gauss

• Identify an unknown element using the Ideal gas law

• Determine the height and velocity of cosmic ray showers 
using Newtonian Kinematics

• Simulate the trajectory of a circus cannon performer to 
determine a safe initial launch velocity
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